Background: Community violence may affect a broad range of health outcomes through physiologic stress responses and changes in health behaviors among residents. However, existing research on the health impacts of community violence suffers from problems with bias. Methods: We examined the relations of acute changes in community violence with hospital visits and deaths due to stress-responsive diseases (mental, respiratory, and cardiac conditions) in statewide data from California 2005California -2013. The community violence exposure was measured as both binary spikes and continuous acute changes. We applied a combined fixed-effects and time-series design that separates the effects of violence from those of community-and individual-level confounders more effectively than past research. Temporal patterning was removed from community violence rates and disease rates in each place using a Kalman smoother, resulting in residual rates. We used linear regression with place fixed-effects to examine within-place associations of acute changes in community violence with residual rates of each outcome, controlling for local time-varying covariates. Results: We found acute increases in hospital visits and deaths due to anxiety disorders (0.31 per 100,000; 95% confidence interval [CI] = 0.02, 0.59), substance use (0.47 per 100,000; 95% CI = 0.14, 0.80), asthma (0.56 per 100,000; 95% CI = 0.16, 0.95), and fatal acute myocardial infarction (0.09 per 100,000; 95% CI = 0.00, 0.18) co-occurring with violence spikes. The pattern of findings was similar for the exposure of continuous acute violence changes. Conclusions: Although the associations were small, the identified increases in stress-responsive conditions suggest the possibility of health impacts of acute changes in community violence.
C ommunity violence, which includes injuries due to assault and deaths due to homicide, is a major public health concern. [1] [2] [3] Research suggests that community violence may affect a broad range of health outcomes. Thus, the scope of public health concern around community violence may extend beyond injury.
Theory and research support an important role of the contextual environment in shaping the health of residents. [4] [5] [6] [7] Community violence is recognized globally as an important aspect of the contextual environment. 2 Residents can experience community violence as direct injury, injury of friends or family, witnessing violence, hearing gunshots, and learning about violence through neighbors or media. 8, 9 Research indicates that the rate of violence in a community strongly correlates with the frequency of experiences of direct injury and witnessing violence reported by residents. 10, 11 Furthermore, community violence can lead to stress for residents due to worry about harm to self, family, and friends; it can also lead to alterations in behavior that aim to keep the individual and family safe (e.g., staying inside, closer monitoring of youth, or avoiding parts of communities). [12] [13] [14] Community violence may affect residents' health through changes in behaviors such as physical inactivity, unhealthy diets, and substance use, in an effort to stay safe or cope with stress. 15, 16 Physiologic aspects of the stress response, such as the activation and disruption of the hypothalamic-pituitary-adrenal axis and the alteration or increase in systemic inflammatory response, may also impact the health of residents. [17] [18] [19] [20] Based on established links between community violence and both physiological and behavioral stress responses, it is reasonable to consider the potential for health impacts of ISSN: 1044-3983/18/2905-0684 DOI: 10.1097/EDE.0000000000000879
Acute Changes in Community Violence and Increases in Hospital Visits and Deaths From
Stress-responsive Diseases community violence on stress-responsive diseases. Indeed, a variety of studies have found associations between community violence exposure and mental health. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] There is also evidence that community violence may exacerbate asthma and increase the risk of heart conditions. [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] Across conditions, there are behavioral and biologic mechanisms through which exposure to community violence would increase both incidence of disease and acute exacerbations among those with existing disease.
There are major methodologic limitations in research to date on the health effects of community violence. Same-source bias occurs when self-report of both exposure and outcome leads to spurious association due to correlated measurement error in the report (e.g., due to optimistic or pessimistic outlook of the respondent). Same-source bias is a concern in studies that rely on self-report of community violence exposure and associate it with self-reported health outcomes. 46 In studies that limit same-source bias by using a separate data source for violence exposure, the strong correlation of community violence with other important determinants of health, such as economic, social, and physical features of communities, creates problems with structural confounding. 47 Structural confounding occurs when the correlation between the exposure and covariates is too strong to separate the effects. Thus, disentangling the effects of community violence from other determinants of health has posed a major challenge.
Violence varies substantially within communities over short time-frames. These acute changes in community violence offer an opportunity to overcome structural confounding challenges. A comparison of health outcomes at times with higher and lower levels of acute violence in the same geographic area allows each place to serve as its own control. This approach separates the effects of violence from other economic, social, and physical characteristics of places and individuals that remain constant within places over the study period.
In this study, we examined the associations of two forms of acute community violence, specifically binary spikes and continuous acute changes, with hospital visits and deaths due to stress-responsive diseases throughout California, using a combined fixed-effects and time-series design. The diseases included a range of mental, respiratory, and cardiovascular disorders that previous research suggests may be exacerbated by stress. We hypothesized that acute increases in community violence would increase these health outcomes.
METHODS

Data
To capture both fatal and nonfatal occurrences of community violence and of the outcome diseases of interest, we used two statewide data sources for California between 2005 and 2013. For fatal outcomes, we used all mortality records from the California Department of Public Health Office of Vital Statistics. For nonfatal outcomes, we used all emergency department and inpatient hospitalization discharge records from California's Office of Statewide Health Planning and Development (OSHPD). Events that resulted in fatality in the OSHPD data were removed to avoid double counting. The research was reviewed and approved by the Committees for the Protection of Human Subjects at the University of California, Berkeley, and OSHPD. We used US Census Bureau population estimates as denominators and calculated monthly rates at the census-designated place level (hereafter "place"). Places are single, locally recognized, settled concentrations of residents that are named but do not have to be legally incorporated. 48 We selected places because, as the named cities and towns in which people reside, information about an unusually high level of violence in a month would be expected to be known within the area. These units are also large enough for stable estimation of monthly rates of community violence and the outcomes of interest. Consistent with other research, we examined places with at least 5,000 residents to ensure stable rates of both community violence and the outcomes of interest 49 ; based on this restriction, 91% of California residents (~34 of ~37 million people) residing in 42% of places (631/1,516 places) were included.
Acute Changes in Community Violence
Monthly rates of community violence were calculated as the rate of homicides and assaults, identified by ICD codes as detailed in Table 1 . We applied a Kalman smoother to each place-level 108-month series, resulting in residual rates, which retain variability in community violence that was not predictable based on the temporal patterning of the time-series. 50 Temporal patterns removed include secular trends, cycles, and seasonality. Residuals from the Kalman smoother model fit constituted the exposure of continuous acute changes in community violence. Binary spikes in community violence were operationalized as place-months with residuals from the Kalman smoother that were greater than two standard deviations above the series. In a simulation study of time-series methods for spike identification, the Kalman smoother performed best in correctly identifying spikes while minimizing false positives (for example: 90.0% sensitivity and 99.4% specificity for spikes of 50% above the average rate; 84.6% sensitivity and 99.1% specificity for spikes of 40% above the average rate; Goin et al, Unpublished Data, 2017).
50,51
Health Outcomes
Monthly rates of the health outcomes of anxiety disorders, episodic mood disorders, substance use, asthma, chronic obstructive pulmonary disease (COPD), acute myocardial infarction (MI), and heart failure were calculated based on International Classification of Diseases (ICD) codes as detailed in Table 1 . For each outcome group, we examined all events (fatal and nonfatal combined) and fatal events alone when sufficient numbers of fatal outcomes occurred for model convergence. As with the community violence exposure, predictable temporal patterning was removed from disease rates in each place with a Kalman smoother. 50 The Figure presents an example of substance use rates with the Kalman smoother fit and the residual rates after processing.
Design
In a combined fixed-effects and time-series design, 52, 53 within each place we compared (1) outcomes in months with a violence spike to the outcomes in months without a spike and (2) outcome changes associated with continuous acute violence changes across months. Comparing outcomes in the same geographic area allowed us to separate the effects of the acute violence from the effects of other economic, social, and physical characteristics of places and individuals that are constant over this time period within a place. However, shared temporal patterning in the acute violence and outcomes remains a concern. Thus, for all analyses, dependent variables were Kalman smoother residuals of the outcome rates, so that we only examine variability in the outcomes that was not predictable based on the temporal patterning of the time-series. 50 This approach removes local temporal patterning specific to each place and, thus, provides control for confounding by local variables with predictable patterning.
54
Analysis
Analyses were conducted with linear regression models with fixed-effects on place and robust sandwich standard errors. 55 We adjusted for local monthly average precipitation, average temperature, unemployment, and civil unrest events 
RESULTS
Across the 631 places over 108 months (68,148 placemonths of observation), there were 2,401 violence spikes, and all but six places experienced at least one spike. For the continuous violence measure and each outcome, the distribution of the total cases, average monthly rates and monthly rate residuals after Kalman smoother processing across the placemonths of analysis can be found in Table 2 .
In the main analysis models that examined binary violence spikes in relation to residual outcome rates, including fixed-effects on place and control for time-varying local covariates (Table 3) , we found acute increases in deaths and hospital visits due to anxiety disorders (0.31 per 100,000 increase; 95% confidence interval [CI] = 0.02, 0.59), substance use (0.47 per 100,000 increase; 95% CI = 0.14, 0.80), asthma (0.56 per 100,000 increase; 95% CI = 0.16, 0.95), and fatal acute MI (0.09 per 100,000 increase; 95% CI = 0.00, 0.18) co-occurring with violence spikes. In the models that examined continuous acute violence in relation to residual outcome rates (Table 3) , there was a similar pattern of results with acute increases in deaths and hospital visits due to anxiety disorders (0.14 per 100,000 increase; 95% CI = 0.04, 0.24), substance use (0.35 per 100,000 increase; 95% CI = 0.24, 0.46), and asthma (0.16 per 100,000 increase; 95% CI = 0.03, 0.30) for a 10 per 100,000 difference in acute violence. Continuous acute violence was not associated with fatal acute MI. Overall, there were no indications of changes in deaths and hospital visits due to episodic mood disorders, COPD, or heart failure associated with acute community violence.
In the sensitivity analysis, we first examined residual autocorrelation by outcome and for the exposure of community violence (eAppendix 2; http://links.lww.com/EDE/B373 and eTable 1; http://links.lww.com/EDE/B373). In general, the degree of residual autocorrelation was low; however, autocorrelation tended to persist in the fatal asthma (20.9% of places) and fatal substance use (9.2% of places) time-series. For all other outcomes and the community violence exposure autocorrelation was minimal, with a few places for some outcomes in which autocorrelation persisted (range from 0% to 1.3% of places). In models that omitted places from the analysis for a given outcome if there was evidence of persistent autocorrelation in the time-series, the results were unchanged (eAppendix 2; http://links.lww.com/EDE/B373 and eTable 2; http://links.lww.com/EDE/B373).
DISCUSSION
Overall, we found acute relations of community violence with anxiety disorders, substance use, asthma, and fatal [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] our design provides stronger evidence by avoiding same-source bias and minimizing structural confounding. The findings are also consistent with the small set of studies that has examined the relations of community violence with asthma and cardiac events. [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] Our exposures were acute changes in community violence and, thus, do not capture any effects of chronic exposure to community violence on the outcomes. The combined timeseries and fixed-effects approach removes any effect of the average rate of violence and isolates the effect of acute violence changes. Chronic exposure to violence is also a stressor and expected to have important impacts on health, but these effects are more challenging to separate analytically from other community characteristics. 58 Thus, differences between our results and studies of violence rates may be attributable to our examination of only acute forms of violence.
There are several considerations for interpretation of the results with respect to the outcomes. Increases in cause-specific hospital visits and deaths may be composed more of exacerbations in underlying conditions than of incident outcomes. Furthermore, the outcomes include only events that are sufficiently serious to result in an emergency department visit, hospitalization, or death. Thus, we do not have data on less severe events or exacerbations of symptoms that influence health and well-being but do not necessitate a visit to the hospital or result in a death and may underestimate the overall burden associated with acute violence. However, we have captured the most severe and costly events-a subgroup of interest and concern. Although health care coverage varies and may affect use of the hospital system, 59 this would only affect our results if temporal, within-place changes in health care coverage coincide with the acute violence changes during the study period.
We examined cities and towns as the geographical units of interest in this study. Although we expect that residents would be aware of violent events within this geography, it is possible that smaller areas would better capture the geographical scope in which violent events would generate concern or impact residents, particularly in larger cities. In general, results of geographic analyses may be sensitive to the choice of geographic unit, a problem that has been discussed as the modifiable areal unit problem. 60 Among the substance use and mental disorders, acute violence was related to increases in deaths and hospital visits due to anxiety disorders and substance use, but not mood disorders. One explanation may be that exposure to traumas is more important for anxiety disorders, such as post-traumatic stress disorder, whereas determinants of mood disorders such a depression relate more to personal loss and supports available in the aftermath of the loss. 61, 62 It is conceivable that an acute increase in violence could cause traumatic exposure for a broader population within a city or town, manifesting in increased hospital visits for anxiety and substance use. In contrast, acute violence would lead to personal loss for a much smaller subset of the population, and thus, increase in mood disorder-related hospital visits would be expected to be smaller and more challenging to detect at the population level. The relationship of acute violence with cardiopulmonary outcomes was consistent for asthma but varied by form of acute violence for fatal MI. Research supports a clear role for chronic stress in the development and progression of cardiovascular diseases. 42 Acute stressors may induce acute cardiac events in those already physiologically vulnerable. 42, 43 Although any explanation of inconsistency in findings is post hoc, it is worth noting that in research on population stressors that has found increases in acute cardiac events, the stressors have generally been of larger magnitude and/or of broader impact, specifically earthquakes, wars, and terrorist attacks. 43 Thus, it is plausible that acute changes in community violence had insufficient breadth, duration, and/or strength of impact to generate large enough effects on acute cardiac events for consistent detection in our analyses. Exacerbations of asthma, in contrast, are more frequent, and occurrence has been related to far less extreme acute stressors, such as exams. 20 The magnitudes of association for the relations of violence spikes with the outcomes were small. With respect to the variability in the outcome residuals, the associations corresponded to between 2% and 6% of a standard deviation. As an example, statewide, the associations corresponded to an additional 120 anxiety, 183 substance use, and 218 asthma hospital visits and deaths and 35 fatal MIs in a month with a violence spike. However, a few considerations provide context for these magnitudes. These associations only capture acute increases in the most severe health events and thus may underestimate the overall burden associated with violence spikes. Furthermore, the associations only capture the changes in health outcomes associated with acute violence, not with the overall exposure to community violence. We would anticipate that the health outcome changes associated with the overall exposure to community violence to be much greater than those associated with acute spikes. However, as discussed above, we have approached this analysis with the aim of minimizing the types of confounding that plague past work on community violence and health. Thus, we viewed this as a test of whether, despite these strong control measures, a signal of a relation between acute violence and these health outcomes could be detected. Although a worthwhile endeavor to undertake in future work, capturing the true magnitude of the relation of community violence with health would require leveraging the full range of variability in violence, yet also controlling for strong structural confounders.
We examined outcomes in the same month as the violence spike because we hypothesized acute effects, but this raises a potential concern about the directionality of the associations. It is unlikely that increases in asthma or cardiac events would cause a violence spike. It is possible that increases in mental disorder or substance use could increase violence, since individuals who have a certain mental disorders or are using substances have increased risk of violent behavior.
63 However, at the population level, mental disorder is a very minor contributor to interpersonal violence (population attributable risk percent [PAR%] estimate of 4%), and the anxiety and episodic mood-disorder outcomes examined here do not include personality disorders, which are most strongly associated with perpetration of violence. 64 Substance use is a more sizable contributor to perpetration of interpersonal violence at the population level than mental disorder (PAR% estimates range from 20% to 25%), 64 and, thus, the relation documented may represent effects of violence on substance use and effects of substance use on violence.
The largest threat to this analysis would be a cause of both acute violence changes and the health outcomes that varies unpredictably over short time spans within place and has not been controlled. However, we have identified and controlled for numerous common causes of acute changes in violence, and the health outcomes that may not follow predictable patterns. In particular, we controlled time-varying socioeconomic, weather, civil unrest, and demographic variables at the local level. Nonetheless, residual confounding is always a concern in observational studies, particularly when associations are small.
Our approach assumes that past acute violence only affects future health outcomes within a place through more proximal acute violence and that past health outcomes within a place do not affect future acute violence changes. 65 In considering the first part of this assumption, although the underlying health conditions likely developed over a long period and may have been affected by prior acute violence, we are examining only acute changes in manifestations of these health conditions that are far less likely to be affected by prior acute violence. We evaluated the second part of this assumption by examining the relations of the health outcomes with subsequent acute violence changes within a place, and we found largely null associations (see eAppendix 3; http://links.lww. com/EDE/B373). This suggests that reliance on this assumption is reasonable in our study.
CONCLUSIONS
Overall, our findings suggest that violence may affect health in the community more broadly, although magnitudes of associations were small. By examining acute changes in violence, using a design that controls for time-invariant confounders and incorporates careful control of predictable temporal patterning and observed factors that vary within place over time in ways that may not be predictable, we have strengthened the evidence for these potential health impacts.
